Introduction © E d i z i o n i F r a n c o A n g e l i 467 fairly standard censored regression (Tobit) model are spatially represented and implemented through GIS. The model is founded on, and motivated through, a GIS-based representation of its variables referred to Sardinian municipalities, and in particular of Sardinian agricultural land use, which is the focus of the assessment. The Tobit model results make it clear that there is a strong relationship between agricultural land-use change and the other variables. These results entail some interesting insights concerning investment policies to maintain, reinforce and possibly expand agricultural land use, whose relevance can be clarified only through a spatial representation.
The third section defines a territorial taxonomy of Sardinian municipalities, by analyzing the spatial distribution of 2000-2006 ROP-EAGGF investment and of other characteristics which we believe are effective in describing the physical, economic and social environment of the Sardinian economy. The definition of this taxonomy is carried out by means of a GIS because it requires data integration from a number of sources, as it happens with many problems in geographical analysis (Chrisman, 2002, p. 119) . The ability both to integrate a wide variety of geographic data types and to develop new information building on available spatial and non-spatial data makes GIS a powerful support tool for modeling operations (Longley et al., 2001, p. 30) ; furthermore, GIS readily lends itself to combination with other technologies and techniques. In the fourth section we implement a censored (Tobit) regression model in order to discuss relations between the variables represented by means of the GIS. In this section, we explain why we choose the Tobit approach to implement our estimates in the context of the on-going literature on regression models. In the concluding section we discuss the implications of the results for the regional investment policy though a GIS-based representation and the exportability of the proposed methodological approach to other regional contexts.
The 2000-2006 ROP-EAGGF of Sardinia
The 2000-2006 ROP-EAGGF 2 is based on a set of measures that address several problems pertaining agriculture and rural development in Sardinia. Each measure contains several actions to be implemented through projects financed by the EAGGF. © E d i z i o n i F r a n c o A n g e l i 468 A first concern of the program is to improve the use of water resources for agriculture in terms of efficiency, effectiveness and productivity, which implies investment in irrigation infrastructure and water resource management (measure 1.2, integrated cycle of water resource management: irrigation systems of agricultural zones; axis 1, natural resources). This is complementary to infrastructural and technological improvements, and capacity building, referred to other aspects of agricultural land use. These concern: (i) reduction in production costs; (ii) product quality; (iii) a better environment for livestock; better living and working conditions for agricultural workforce; iv. conversion of current agricultural production into more profitable crops; v. rural aqueducts, electrical lines and roads. These issues are addressed by measures 4.9 (investment in agricultural firms; axis 4, local development systems), 4.19 (rural reparcelling), and 4.20 (development and improvement of rural infrastructure for agriculture).
Another important question is capacity building and quality of rural life. This is addressed by measure 1.2, in terms of capacity building concerning water resource management, and by measure 4.9, with reference to farm management. Moreover, measure 4.13 (essential services for the economy and the rural population) is concerned with actions aimed at making services available for the rural population, such as ICT-based network services (e.g., online request for documents from the public register's office), centralized laboratories for chemical and micro-biological analyses of agricultural products, etc..
A third important issue is the marketing of the products of Sardinian agriculture. The lack of expertise in dealing with Italian, European and world markets is identified by the 2000-2006 ROP-EAGGF as a difficult obstacle for the future of Sardinian agriculture, and addressed through the tenth and eleventh measures of axis 4 (improvement of transformation and marketing of agricultural products; marketing of agricultural products characterized by a high qualitative level).
Moreover, the program invests (measure 1.9, prevention and control concerning forest fires, and reforestation; measure 4.12, diversification of agricultural activities and the like; measure 4.14, promotion of adaptation and development of rural areas; measure 4.17, restoration of the rural environment damaged by fire and natural disasters, and prevention; measure 4.18, professional education referred to all of the 2000-2006 ROP-EAGGF measures; 4.21, young farmers' start-up support) in: (i) renovation and conservation of buildings and settlements identified as historical heritage of the rural environment; (ii) construction of new rural buildings for exhibitions and conferences concerning rural civilization, recreation and educational activities; (iii) conservation of traditional rural productive processes in or-© E d i z i o n i F r a n c o A n g e l i 469 der to prevent their loss (with particular reference to craftsmanship), even though they are not profitable any longer; iv. (recovered or new) rural paths for bikers, skaters, joggers, and hikers; v. professional education as stated by measure 4.18 above.
Tab. 1 -Measures of the 2000 -2006 ROP-EAGG (Regione Autonoma della Sardegna, 2009b It is evident that the thirteen measures of the 2000-2006 ROP-EAGGF show a comprehensive approach which entails addressing several aspects of rural development: conservation of natural resources and of rural cultural heritage, protection from fire and natural disasters, restoration and renovation of rural buildings and settlements, capacity building and professional education, tourism and tourism-related activities, reforestation, and support to agriculture, in terms of infrastructure and services. © E d i z i o n i F r a n c o A n g e l i 470 Our objective here is not to evaluate the comprehensive impact and effectiveness of the program, but only to assess its impact on agricultural land use. We therefore consider only the subset of measures which finance public infrastructure and services for agricultural land use, that is measures 1. 2, 1.9, 4.13, 4.14, 4.17, 4.20 . We assume that the other measures, which are essentially funds granted to agricultural firms under the aid regime rules 3 , and to promote professional education, do not influence agricultural land use, at least in the short run, even though they could possibly have an impact on rural economy. The investment expenditure referred to the six measures is about one third of the total investment of the 2000-2006 ROP-EAGGF (see Tab. 1).
Financial support referred to the aid-regime rules is granted to rural entrepreneurs on a small scale in order to accomplish several goals. For instance, these funds were used to increase the firms' physical capital (machinery, plants, buildings) and professional education, to help young farmers' start-ups, to develop rural tourism, to implement land improvement operations, and so on and so forth. In general, funds are granted to rural firms in order to deal with questions related to their present condition, whose improvement should not have generated a quantitative change in agricultural land use, during the period 2003-2008. However, a quantitative impact could have possibly come from an income effect on agricultural land use (expansion) which we try to detect in the model discussed in the fourth section through an income-related explanatory variable. The reason is that an income increase could possibly drive an agricultural firm to buy or rent land suitable for agricultural production if it is available.
A GIS-based taxonomy of Sardinian agricultural land use and related variables
In order to analyze agricultural land use in the time frame 2003-2008 and other physical, economic and social characteristics concerning local development, a descriptive table was needed. Since this analysis was to be carried out at the municipality level, by assuming cities as basic spatial units, such table had to have as many rows as Sardinian municipalities are, and as many fields as relevant attributes are. Data from various sources and in various digital formats were therefore collected; some data (e.g. those pertaining to demography, income, and levels of expenditure) were calcu-© E d i z i o n i F r a n c o A n g e l i 472 and their values calculated for each municipality, by means of GIS.
Data concerning land cover and land-cover changes in the time frame 1990-2006 are provided, at the European level, by the European Environmental Agency 5 . Of particular interest for a study of land-cover changes are two datasets, showing changes between 1990 and 2000 and between 2000 and 2006 ( Fig. 1) , since authors claim to have been able to draw a distinction between real evolution processes and different interpretations of the same subject, and therefore to expunge the latter from the datasets. However, the above data were not used here because their level of detail (e.g. scale of the maps produced and minimum mapping units) did not appear to be appropriate for this study; moreover, the date of production of the datasets would have not allowed for the best possible study of the effects of the ROP-EAGGF in maintaining agricultural land uses, since, as explained earlier in the introduction, the most part of the 2000-2006 program was actually implemented between 2003 and 2008.
We therefore chose to study variables related to land uses on the basis of the 2003 6 and the 2008 7 regional land-use maps, in which land uses are organized according to a four-level hierarchical 8 nomenclature, in compliance with the European project "CORINE Land Cover".
Strictly speaking, the so-called "regional land-use map" is therefore actually a land-cover map, although, thanks to its level of detail, it does also 5 http://www.eea.europa.eu/data-and-maps/data#c11=landuse (last accessed January 10, 2012). 6 Completed in 2003, the "Land Use Map of the Region of Sardinia -2003 Edition" is a spatial dataset that covers the whole island. Data were mainly obtained from photo interpretation of aerial photographs dating 1997-1998, satellite images and orthoimages, but other vector datasets (e.g. regional digital cartography) were also used; on-site surveys were carried out between 2002 and 2003. The map has a scale of 1:25,000, ad it can be freely downloaded from: http://www.sardegnageoportale.it/index.php?xsl=1598&s=141401&v=2&c=88 31&t=1 (last accessed January 10, 2012). 7 The so-called "New Land Use Map of the Region of Sardinia" was completed in 2008 building upon the 2003 land-use map and photo interpretation of satellite images, orthoimages, and ancillary vector datasets. On-site surveys were carried out between 2005 and 2007 . Minimum mapping unit (Longley et al., 2001 of the map equals 0.5 hectares in urban areas and 0.75 hectares in the countryside. The dataset can be freely downloaded from: http://www.sardegnageoportale.it/index.php?xsl=1598&s=141401&v=2&c=8831&-t=1 (last accessed January 10, 2012). © E d i z i o n i F r a n c o A n g e l i 473 provide reliable information on how land is used by humans, especially as far as agricultural areas and forests are concerned. In the remainder of this paper, we the expression "land use" will therefore be used. Tab. 2 -Agricultural land uses in Sardinia according to the 2003 and 2008 land-use According to the two datasets, in Sardinia the amount of land occupied by agriculture has globally increased: Tab. 2 shows both the nomenclature of agricultural land uses according to the 2003 and the 2008 regional landuse maps and their corresponding area.
In the MAB shapefile, a number of descriptive attribute fields characterizing each Sardinian municipality and related to land uses or land-use © E d i z i o n i F r a n c o A n g e l i 474 changes were at first introduced, and their values were calculated for each municipality. We will however present here only three of such attributes, the third being the dependent variable (share of a municipality's agricultural land area in 2003 which remained agricultural in 2008) and the other two the only two land-use related variables that were discovered to have an impact on the dependent variable by running the model presented in the next section. The attribute "Area of a municipality's agricultural land use in 2003" (LU_AGR03) accounts, for each municipality, for the total agricultural area according to the 2003 land-use map. To fill in this value, a series of basic operations (filtering and geoprocessing) were performed in gvSIG 9 : to begin with, only those records whose land-use code began with the letter © E d i z i o n i F r a n c o A n g e l i 475 "2", "agricultural areas", were selected and a new layer was obtained; next, its polygons were intersected by using MAB as the overlay layer, then a new field was added to the attribute table so as to accommodate each polygon's area, and finally the total agricultural area was calculated for each municipality by using the summarize function. In Fig. 3a , Sardinian municipalities are classed according to the values of LU_AGR03. The attribute "Percentage change in a municipality's urbanized land" (label: VARUU3_8) accounts for the increase or decrease in size of a municipality's artificial surfaces, which, according to the Corine nomenclature, are characterized by codes starting with "1". A series of basic operations (filtering, intersecting, area calculations, dissolving, summarizing) were performed separately in the 2003 and the 2008 land-use maps so as to obtain the value of the attribute "urbanized land area" for each municipality; next, land-use maps attribute tables were joined to the MAB layer's attribute table and the percentage change was finally calculated for each municipality. In Fig. 3b , Sardinian municipalities are classed according to the values of VARUU3_8. © E d i z i o n i F r a n c o A n g e l i 476 The attribute "Percentage of a municipality's agricultural land use in 2003 which is still classified as agricultural land use in 2008" (label: PLU-AA3_8) is the share of land area classed as agricultural in the 2003 landuse map that is classed as agricultural also in the 2008 land-use map. To fill in the values in this field, a series of basic operations (filtering, intersecting, area calculations, dissolving, summarizing) were performed by using three datasets: the 2003 land-use map, the 2008 land-use map and the MAB layer. In Fig. 3c , Sardinian municipalities are classed according to the values of PLUAA3_8. The three remaining attributes do not deal with land uses, but, respectively, with regional planning, income and implementation of agricultural policy.
The first of these descriptive attributes (label: COAST) is a dichotomous one (taking only "yes" and "no" values), and it accounts for whether a municipality overlaps at least one coastal landscape unit (CLU), as defined in the Regional Landscape Plan (RLP). Approved in 2006 and currently under © E d i z i o n i F r a n c o A n g e l i 477 revision, the RLP is the first statutory landscape plan with regional dimensions produced in Italy under the National Code of Cultural Heritage and Landscape. The Regional Administration of Sardinian initially focused on coastal areas only, in order to protect a part of the island considered both economically strategic and environmentally fragile, and therefore identified 27 coastal landscape units (Fig. 3 left) . General rules and restrictions on building activities and transformation of land are in force in those municipalities whose land area overlaps, or is completely contained in, the CLUs. For the remaining municipalities only specific rules concerning preservation of specific and precisely identified landscape features or assets are in force. Whether or not a municipality overlaps a CLU thus directly affects the possibility of producing changes in land uses. In Fig. 4a , Sardinian municipalities are classed according to the value of COAST.
The second attribute is the percentage change in a municipality's percapita income in the period 2003 -2008 . Raw data on per-capita income in 2003 and 2008 were collected from two websites 10 and reorganized into a spreadsheet, later joined to the attribute table of the MAB shapefile. In Fig. 4b , Sardinian municipalities are classed according to the values of PERVARPI.
The third attribute is the 2000-2006 ROP-EAGGF expenditure for each municipality on public infrastructure and services for agriculture (label: EXPEAGF). Implementation of projects co-financed through European funds in Italy was monitored, at the national level, by means of a web database called MONIT, from which we selected only those records for which all of the following conditions held true: (i) projects were carried out in Sardinia, (ii) they were funded through the EAGGF, and (iii) funds were granted for public services and infrastructure. Only projects funded through measures 1. 2, 1.9, 4.13, 4.14, 4.17, 4 .20 of the ROP were therefore selected for the reasons explained in the previous section. A total of Euros 220,793,919.07 had been spent, on these projects, by June 30 th 2009. The resulting table had 374 rows, meaning that three of the 377 Sardinian municipalities did not receive any funds for public services and infrastructures through the EAGGF. In Fig. 4c , Sardinian municipalities are classed according to the values of EXPEAGF.
